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摘要 
过渡金属氧化物、硫化物纳米材料在催化、电子学、能源储存及转换等领
域有着广泛的应用。由于纳米材料的形貌、尺寸和表面结构等与纳米材料的性
能息息相关，因此纳米材料的可控制备已成为纳米技术研究中最为活跃的领域
之一。通过文献的查询，我们对 V 基催化剂非常感兴趣，由于它们具有良好的
电化学性能、地球上丰富的储量。目前 V 的氧化物、硫化物、氮化物等在发射
器、超级电容器、电池等领域均有报道。但是，V 基纳米材料在电催化领域中
的研究仍然较少。本文中，我们采用简单的水热合成法，设计合成了 VOOH 空
心球纳米结构和 VS2 纳米板阵列，并尝试合成了三元金属硫化物核壳结构 Mn-
Co-S/C，然后研究了它们在电催化上的应用。主要成果概述如下： 
1. 我们可控合成了纤铁矿型 VOOH空心纳米球结构并首次报道了他们在电
解水领域的应用。通过调节反应条件获得最优的催化性能，在 1 M KOH溶液中
当驱动电流密度为 10 mA cm-2时电催化 OER和 HER所需过电位分别是 270 mV
和 164 mV。将最优条件的催化剂做为阴极和阳极用于全解水测试，当驱动电流
密度为 10 mA cm-2时所需的槽电压为 1.62 V，这些优异的性能使得 VOOH空心
球结构催化剂成为贵金属催化剂有潜力的替代者。 
2. 我们采用温和的水热合成法首次得到了直接生长在碳纸上的 VS2 纳米板
阵列。通过电催化 HER 测试，在 0.5 M H2SO4 溶液中，当驱动电流密度为 10 
mA cm
-2 时，所需过电位仅为 42 mV。与最近报道的金属硫化物和目前报道的
性能最优的非贵金属 HER催化剂相比， VS2纳米板阵列展现了杰出的催化性能
和极好的稳定性。廉价、可放大的溶液合成方法和较高的催化活性使得 VS2 成
为 Pt基贵金属 HER催化剂最有希望的替代者。 
3. 我们采用水热合成法制备了 MnCo 乙醇酸盐纳米球，用于合成 Mn-Co-
S/C 三元金属硫化物核壳结构。通过巧妙地引入 Na2S 可以一步直接合成 Mn-
Co-S/C 核壳结构纳米粒子。这种材料在碱性条件下电催化 OER，在驱动电流密
度为 20 mA cm-2时， 所需过电位为 280 mV。与其对应的二元金属硫化物相比，
三元金属硫化物具有更加优异的电催化性能。 
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Abstract 
Nanostructural metal oxides and sulfides have been used in widespread 
applications such as catalysis, nanoelectronics, energy conversion and storage, and so 
on. It is well known that the properties of nanomaterials largely related to their 
morphology, size and surface structure. Exploiting controllable synthetic strategy to 
nanostructral materials is one of the most active directions. Though having a good 
knowledge of metals materials, we are particularly interested in V-based materials 
because of their high electrochemical performance and earth abundance. V-based 
oxides, sulfides, and nitrides have shown promising applications in field emitters, 
supercapacitors, and rechargeable batteries. However, their application in water 
electrolysis has rarely been explored. In this thesis, we will focus on the rational 
synthesis of VOOH hollow nanospheres, VS2 nanoplate arrays and Mn-Co-S/C core-
shell structure by hydrothermal route. Then, we explore their applications in water 
electrolysis.The main research work presented in each chapter is summarized as 
followings: 
1. We report the control synthesis of lepidocrocite VOOH hollow nanospheres
and their applications in electrocatalytic water splitting for the first time. By tuning 
the surface area of the nanospheres, the optimal performance can be achieved with 
low overpotentials of 270 mV for the oxygen evolution reaction (OER) and 164 mV 
for the hydrogen evolution reaction (HER) at 10 mA cm
-2
 in 1 M KOH, respectively.
Furthermore, when used as both the anode and cathode for overall water splitting, a 
low cell voltage of 1.62 V is required to reach the current density of 10 mA cm
-2
. The
low cell voltage makes the VOOH hollow nanospheres as an efficient alternative to 
the noble metal catalyst in electrocatalytic water splitting. 
2. We have developed a facile hydrothermal route to directly grow VS2
nanoplate arrays on carbon paper with high density for the first time. When evaluated 
as an electrocatalyst for HER, the VS2 nanoplate arrays exhibit outstanding catalytic 
activity and excellent long-term stability in acidic media, which is superior to that of 
the recently reported for metal chalcogenides, moreover, the catalytic activity of VS2 
nanoplate arrays is better than the most active non-noble metal HER catalysts reported 
so far. The low cost and scalable solution synthesis and the high catalytic activity of 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学硕士论文 
II 
the VS2 catalyst make it a promising alternative to Pt for large-scale hydrogen 
production.  
3. For the first time, we developed MnCo glycolate nanospheres by a
hydrothermal method，which was used to prepare Mn-Co-S/C core-shell structure 
after a process of vulcanisation. The Mn-Co-S/C core-shell structural catalysts exhibit 
outstanding catalytic activity, which can be achieved with the overpotentials of 280 
mV for the oxygen evolution reaction (OER) at 20 mA cm
-2
 in 1 M KOH. Compared
with the other binary metal sulfides, ternary metal sulfides show a more outstanding 
catalytic property. 
Keywords: Sulfides; Hydroxides; Electrocatalytic water splitting 
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